Purpose Long-term studies evaluating risk factors for development of ankle osteoarthritis (OA) following malleolar fractures are sparse. Methods We conducted a retrospective cohort study including consecutive patients treated by open reduction and internal fixation for malleolar fracture between January 1988 and December 1997. Perioperative information was obtained retrospectively. Patients were evaluated clinically and radiographically 12-22 years postoperatively. Radiographic ankle OA was determined on standardised radiographs using the Kellgren and Lawrence scale (grade 3-40 advanced OA). Uni-and multivariate regression analyses were performed to determine risk factors for OA. Results During the inclusion period, 373 fractures (372 patients; 9% Weber A, 58% Weber B, 33% Weber C) were operated upon. The mean age at operation was 42.9 years. There were 102 patients seen at follow-up (mean follow-up 17.9 years). Those not available did not differ in demographics and fracture type from those seen. Advanced radiographic OA was present in 37 patients (36.3%). Significant risk factors were: Weber C fracture, associated medial malleolar fracture, fracture-dislocation, increasing body mass index, age 30 years or more and length of time since surgery.
Introduction
Ankle osteoarthritis (OA) is more frequently (70-80%) of post-traumatic origin compared to OA (<10%) of the hip or knee [1] [2] [3] . Malleolar fractures are the most frequent fracture type, present in 37-53% of patients with advanced or end-stage ankle OA [2] [3] [4] . Patients with post-traumatic ankle OA are younger than those with primary OA [2, 3] . Long-term studies (follow-up greater than ten years) evaluating risk factors for the development of ankle OA after malleolar fractures are sparse. Most of them are limited by small sample size [5] [6] [7] [8] [9] focusing on one or two factors. Only one study [8] assessed risk factors using statistical methods which allow for the presence of other risk factors. Additionally, there are a few short-to midterm follow-up studies evaluating a larger number of patients and possible risk factors [10] [11] [12] .
Several conditions have been associated with an increased risk of developing radiographic ankle OA or endstage OA following a malleolar fracture. These include increasing age [4, 13] , female gender [14] , fracture severity [10, 11, 14] , location and extent of cartilage lesions especially of the medial malleolus [8] , quality of fracture reduction [10, 12] and presence of a fracture-dislocation [6, 10, 11] .
Our objective was to identify risk factors for ankle OA on average 17.9 years after a malleolar fracture treated by open reduction and internal fixation (ORIF) and to quantify the impact of both the individual and the combined risk factors. We evaluated their influence on the development of (1) advanced radiographic OA and (2) symptomatic advanced radiographic OA.
Materials and methods

Study population and study design
We conducted a retrospective cohort study including all patients operated upon at our large university hospital between January 1988 and December 1997 for a malleolar fracture treated by ORIF. Pilon or talus fractures were excluded, as well as those patients younger than 18 years of age. Operations were performed by a number of different surgeons with varying levels of experience. The study was approved by our Hospital Ethics Committee.
Potential risk factors
The risk factors evaluated were: (a) age at the time of injury as continuous and categorical variable (<30 vs ≥30 years as suggested by Lorez and Hintermann [13] ); (b) sex; (c) body mass index (BMI) as continuous and categorical variable (normal weight 0 BMI <25 kg/m 2 , overweight 0 BMI 25-29.9 kg/m 2 , obese 0 BMI ≥30 kg/m 2 ); (d) work status at the time of operation (office, light or heavy work); (e) type of fracture according to the Danis-Weber classification [15, 16] ; (f) associated fracture-dislocation (yes/no); (g) associated fracture of the medial malleolus (yes/no); (h) associated fracture of the posterior malleolus (yes/no); and (i) time between surgery and follow-up in years as continuous and categorical variable (< 15 years, 15-19.9 years, ≥ 20 years).
Outcomes
The primary outcome of interest was the incidence of advanced radiographic ankle OA 12-22 years after a malleolar fracture. Ankle OA was assessed using the Kellgren and Lawrence (K&L) scale [17] , the most widely used radiographic classification of OA. It includes five grades, and advanced OA is classified as grades 3 and 4. Since no specific description of the K&L grades exists for the ankle, we based our radiographic evaluation on the description of the grades of OA for the knee. Grade 3 is characterised by the presence of moderate multiple osteophytes, definite narrowing of the joint space, some sclerosis and possible deformity of bone ends. Grade 4 is defined by the presence of large osteophytes, marked narrowing of the joint space, severe sclerosis and definite deformity of bone ends [18] .
In the context of knee OA the K&L scale is considered a reliable and valid instrument [19, 20] .
The second outcome of interest was the incidence of symptomatic advanced radiographic ankle OA. This was defined by the presence of pain together with advanced radiographic ankle OA. The American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot score [21] , which includes an item for pain (mild, moderate or severe), was used for evaluation at follow-up. All patients with an AOFAS pain sub-score less than 40 points and K&L grades 3 or 4 were considered as incident cases.
Data collection
Perioperative information was obtained retrospectively through chart review. Preoperative and immediate postoperative radiographs were not available. In six patients (1.6%) the fracture classification was missing. In 75 patients (20.1%) information on height at the time of surgery was missing making the calculation of their preoperative BMI impossible.
Clinical and radiographic follow-up was standardised. All patients were contacted by mail twice and telephone inviting them to participate. They were seen on average at 17.9 years postoperatively for clinical and radiographic assessment by two surgeons who had not performed the operations. Ankle OA was independently assessed on standardised radiographs by two reviewers who were blinded to patient characteristics and clinical outcome.
Statistical analysis
Baseline characteristics were compared between patients seen and those not available for follow-up. Student's t test was used for the comparison of continuous variables and the chi-square test for the comparison of categorical variables.
In order to estimate the association between each risk factor (predictor) and the main outcome we performed univariate analyses and presented relative risks (RR) and 95% confidence intervals (CI) as well as unadjusted odds ratios (OR) and their 95% CIs. We then fitted the full multivariate logistic regression model including all potential predictors. Predictors were excluded (one by one) if the p value of the log likelihood ratio test was greater than 0.10. Predictor exclusion was continued until all remaining predictors had p values less than 0.10, which was then defined as the final prediction model. The choice of a more restrictive p value, such as p00.05, is generally not recommended because of the risk of excluding important variables from the model.
Risk factors for the secondary outcome were only assessed in univariate analyses due to the limited number of outcome events. Finally, the incidence of the two outcomes was analysed according to the number of risk factors present per patient. The predictors BMI and time since surgery, evaluated as continuous variables in the final model, were dichotomised. For BMI the category at risk was a BMI ≥25 kg/m 2 and for time since surgery an interval ≥20 years.
Results
There were 373 malleolar fractures in 372 patients corresponding to the inclusion criteria and operated upon during the study period. Of these patients, 47 (12.6%) had died, 126 (33.9%) had left the area without current address and 97 (26.1%) refused or did not participate in the followup invitation. In total, 102 patients (27.3%) with 102 malleolar fractures attended the visit between 12 and 22 years post ORIF (median follow-up time 17.9 years, range 12.6-22.8 years). Comparison of the baseline characteristics between those patients who were seen at follow-up and those who were originally operated upon (Table 1) revealed that those at follow-up did not differ substantially with respect to age, sex, mean BMI and fracture-related characteristics from the original cohort.
Of the 102 patients available for follow-up, 37 (36.3%) had developed advanced radiographic ankle OA , the main outcome, with 28 patients classified as K&L grade 3 and nine patients as grade 4. The associations of risk factors with the absence or presence of advanced radiographic OA are presented in Table 2 . In the univariate analyses the following were significantly associated with a higher incidence of advanced radiographic OA: age 30 years or more at the time of injury, overweight and obesity, the presence of a Weber C fracture, an associated medial malleolar fracture and an associated fracture-dislocation. An incidence greater than 50% was found in patients with a Weber C fracture (53%), a medial malleolar fracture (56%) and a fracturedislocation (61%), as well as in obese patients (67%). In the multivariate logistic regression analysis the factors age over 30 years, a BMI (continuous), a Weber C fracture, an associated medial malleolar fracture and time since surgery (continuous) were independently associated with the outcome and constituted the final model as presented in Table 3 . Table 4 shows the incidences of the outcome per number of risk factors present in a patient (risk categories). The incidence of advanced radiographic OA increased substantially from low incidences (mean 12.5%) in patients with two risk factors or less to substantially higher incidences (mean 65.2%) in the presence of three or four risk factors (absolute risk increase 52.7%, 95% CI 36.4-69.0). As regards the secondary outcome of symptomatic advanced radiographic OA of the ankle, 19 patients (18.6%) presented with an AOFAS pain score greater than 40 points and a K&L grade 3-4. Symptomatic advanced radiographic OA occurred most often in patients with a Weber C fracture, a medial malleolar fracture, a fracture-dislocation and in obese patients (Table 5 ). Only the presence of a Weber C fracture [incidence 37.5 vs 10.8% for Weber B fracture, RR 3.6 (95% CI 1.6-8.2)] or an associated medial malleolar fracture [incidence 32.6 vs 8.5% with an intact medial malleolus, RR03.8 (95% CI 1.5-9.9)] were significantly associated with symptomatic advanced radiographic OA in univariate analyses. The incidences according to these two factors are shown in Fig. 1 . Their relative risk estimates were higher as compared to those for the main outcome ( Table 2 ). Relative risk estimates for obesity and fracturedislocation were similar to the estimates for the main outcome, but the confidence intervals were larger and included one meaning less precise and statistically not significantly different. The incidence of symptomatic advanced OA increased substantially with an increasing number of risk factors (Table 4) . It was low (<10%) in patients with up to two risk factors and increased to 29% and 44% for those patients with three and four risk factors, respectively.
Discussion
Advanced radiographic ankle OA developed in 36% of patients on average 17.9 years after a malleolar fracture treated with ORIF. The specific type of fracture (Weber C, medial malleolus), age of 30 years at the time of injury and older, being overweight or obese at the time of injury and a longer follow-up since surgery were associated with a substantially increased risk of advanced radiographic ankle OA as defined by K&L grades 3-4. In the presence of three or more risk factors there was a 60-70% incidence of ankle OA. The most important risk factors for the development of symptomatic advanced radiographic OA were related to the type of fracture, either a Weber C or an associated fracture of the medial malleolus independent of whether the fracture was a Weber B or C.
Identification of risk factors for an undesirable event and the quantification of their effect permit one to establish a prognosis for a certain disease/outcome, which is important for physicians as well as patients. Risk factors might be modifiable or their influence reduced. In this study the only potentially modifiable risk factor was BMI at the time of We are not aware of any published study with long-term follow-up that has assessed and quantified these issues in the context of post-traumatic ankle OA.
Of the limited studies on long-term outcomes following ankle fractures with follow-up beyond ten years [5] [6] [7] [8] , three [5] [6] [7] reported on small numbers of patients (25, 32 and 45, respectively). The fourth [8] evaluated the influence of location and severity of cartilage damage in 109 patients 13 years after ankle fracture. Deep lesions on the anterior and lateral aspect of the talus were associated with clinical signs of OA, and deep lesions on the medial malleolus were associated with both clinical and radiographic signs of OA. This is in agreement with our findings of a higher incidence of symptomatic advanced radiographic OA in the presence of an associated medial malleolar fracture. Other studies reporting on midterm results (less than ten years) found a greater incidence of post-traumatic ankle OA among patients classified with bimalleolar fractures as compared to those with a single malleolar fracture [10, 11] . A fracturedislocation has been identified as a risk factor for OA in previous studies [6, 10, 11] . The greater risk of radiographic OA following a Weber C as compared to a Weber B fracture was reported in some [12, 14, 22] but not all midterm follow-up studies [10] . Müller et al. [12] reported an incidence of 38 (Weber C) vs 14% (Weber B) four to 12 years after malleolar fracture, Fleischer and Warncke [22] an incidence of 46 vs 28% (Weber C vs Weber B, respectively) eight years postoperatively and Lindsjö [11] an incidence of 33 (Weber C) vs 12% (Weber B) two to six years postoperatively. These reported incidences are lower than ours (53 after Weber C vs 31% following Weber B), which can be explained by their much shorter follow-up and by use of different definitions of OA. With respect to the influence of age, our results are in agreement with Lorez and Hintermann [13] who reported on better radiographic and clinical results in patients less than 30 years of age at the time of injury. Finally, we found a substantially increasing risk for radiographic post-traumatic ankle OA with rising BMI. To the best of our knowledge BMI influence on midterm and longterm development of ankle OA has not been examined. In general, a higher risk for ankle fractures in overweight and obese persons has been suggested [23, 24] . Additionally, overweight and obese subjects seem to sustain more severe types of ankle fractures [25] [26] [27] . We also found a higher proportion of displaced fractures in the obese group (data not shown), but this does not entirely explain the higher OA risk in overweight and obese patients because a significant influence persisted even after adjusting for other risk factors including fracture severity. Böstman [28] reported a greater risk for loss of reduction after closed and open treatment of ankle fractures in overweight and obese patients. However, the proportion of all patients experiencing this complication was small (3.6%).
The criteria to determine radiographic and clinical OA, judging from the sparse indications in some studies, were different, which makes exact comparisons of incidences difficult. A variety of scores were used and whether authors evaluated only radiographic or clinical OA or both was sometimes not specified. Furthermore, the literature is characterised by a lack of long-term studies with adequate sample size to evaluate several risk factors at the same time and to take potential confounding into account. We also evaluated the influence of the identified risk factors according to risk categories, defined as number of risk factors present per patient, and observed a substantial risk increase in the presence of three factors and more. Almost half of the patients (46 of 102) fell into this category with an incidence of advanced radiographic OA of 64-67% (30/102) and an incidence of symptomatic advanced radiographic OA of 28-45% (16 of 102). These numbers indicate that in the long term a considerable number of patients may ultimately require additional reconstructive surgery. 
Limitations
Our first limitation was that only 27% of patients operated upon were available for follow-up visit 12-22 years postoperatively. The considerable number of patients lost to follow-up (34%) is probably related to the fact that (1) at the time of operation patients were relatively young, and as a consequence a larger proportion had moved out of the area, and (2) our hospital is a reference trauma centre in a tourist area. It seems unlikely that this patient group included a higher proportion of good or poor results than those available for follow-up. However, we acknowledge that of patients who had not died or were lost to follow-up (26%), the decision to participate or not might have been related to their outcome which could have biased our results. Nevertheless, at baseline the risk factor distribution did not substantially differ between all patients who underwent ORIF and those eventually seen in follow-up. Second, all fractures were classified only according to Danis-Weber, rather than any other classification systems (Lauge-Hansen, AO/OTA) [29, 30] , which might have provided a more detailed analysis. Third, determination of the quality of fracture reduction and fixation was not possible because there was no systematic information available in the operative report, and we did not have immediate postoperative radiographs. Fourth, the number of secondary outcome events was limited (n019) and multivariate analysis was thus not suitable. However, similar risk factors were found in univariate analyses for both primary and secondary outcome. Fifth, while it is a weakness that we do not have information on preoperative OA, it has been noted that the prevalence of primary (not post-traumatic) OA in the ankle is very low [2, 31] . Moreover, about half of the patient population was under the age of 40 years, an age group in which OA rarely occurs. Thus, the presumption that the OA seen at follow-up was related to the fracture should be valid. Lastly, the risk factors identified in our study require validation in other patient populations (external validation).
Conclusion
Advanced radiographic ankle OA was common (36.3%) 18 years after malleolar fractures, especially following Weber C fractures and associated medial malleolar fractures. Risk is also increased with rising BMI, in patients over 30 years of age at the time of injury and with increasing length of time since surgery. The probability of developing post-traumatic ankle OA among patients having three or more risk factors was 60-70%. The most important risk factors identified for the development of symptomatic advanced radiographic OA were related to the type of fracture, either a Weber C fracture or an associated fracture of the medial malleolus independent of whether the fracture was a Weber B or C. Orthopaedic surgeons need to be aware of this information in order to clearly inform high-risk patients.
